Background: Previous studies have demonstrated the effects of single factors, such as age, sex, and race, with longer delays from symptom onset to hospital presentation in patients with ST-elevation myocardial infarction.
sented more than 12 hours after the onset of symptoms. Compared with the reference group (those Ͻ70 years, men, white, and did not have diabetes mellitus [DM]), subgroups with longer delay times (PϽ.01 for all) included those younger than 70 years, men, black, and had DM (ϩ43 minutes); those younger than 70 years, women, black, and had DM (ϩ55 minutes); those 70 years and older, men, black, and had DM (ϩ60 minutes); and those 70 years and older, women, black, and had DM (ϩ63 minutes).
Conclusions: Patient subgroups with a combination of factors (older age, women, Hispanic or black race, and DM) have particularly long delay times that may be 60 minutes longer than subgroups without those characteristics. Improving patient responsiveness in these subgroups represents an important opportunity to improve quality of care and minimize disparities in care. Med. 2008; 168(9) : [959] [960] [961] [962] [963] [964] [965] [966] [967] [968] T IME FROM SYMPTOM ONSET TO presentation to the hospital is particularly important for patients with ST-elevation myocardial infarction (STEMI). Aside from the association of longer ischemic times with more myocardial damage and adverse clinical consequences, 1-8 the effectiveness of reperfusion therapy depends on this interval, with the therapy having greatest benefit for patients who present with the shortest delay. [9] [10] [11] Previous studies [12] [13] [14] [15] [16] [17] have demonstrated that delays to hospital presentation average 2 hours and are more commonly seen in elderly patients, black patients, women, patients with diabetes mellitus (DM), and those with atypical symptoms. Although previous studies have focused on the effect of single factors associated with delays in hospital presentation, to our knowledge, the cumulative effect of hav-ing multiple demographic and clinical risk factors associated with longer delays has not been shown. Furthermore, little information about delay is available from contemporary and nationally representative data from patients with STEMI.
Arch Intern
Understanding variations and meaningful differences in delay in patient subgroups may help with the design of interventions to improve patient responsiveness and access. Moreover, interventions should target subgroups at greatest risk for delay, in addition to mass media campaigns directed toward an entire population or community. 17 In particular, delays in hospital presentation may be concentrated in vulnerable subgroups in the population and could contribute to disparities in health care. To address these questions, we undertook a study to evaluate patient and hospital factors associated with longer delays in hospital presentation; patient sub-groups at highest risk for delay as defined by age, race/ ethnicity, sex, and clinical characteristics; and trends in delay in patients with STEMI between 1995 and 2004 from the National Registry of Myocardial Infarction (NRMI).
METHODS

STUDY DESIGN AND SAMPLE
The study sample included patients enrolled in the NRMI, a voluntary prospective registry of patients with acute myocardial infarction (AMI) between January 1, 1995, and December 31, 2004 . Participating hospitals, data collection methods, verification methods, and reliability have been previously described. 18, 19 The NRMI criteria for the diagnosis of AMI used the International Classification of Diseases, Ninth Revision, Clinical Modification, discharge diagnosis code of 410.X1 and the diagnosis was confirmed with 1 of the following criteria: a 2-fold or greater elevation of cardiac biomarkers, electrocardiographic (ECG) evidence, and echocardiographic, scintigraphic, or autopsy evidence. Participating hospitals, if required, obtained institutional review board approval for NRMI data abstraction.
Between 1995 and 2004, there were 1 926 108 admissions for AMI in the NRMI. The following patients were excluded sequentially: those who did not have new or presumed new STsegment elevation in 2 or more leads or left bundle branch block on the first ECG (n=1 161 187), those who developed symptoms of AMI after hospital admission (n=14 433), those who had an unknown time of symptom onset (n=173 051), those who had a first ECG time that was not the diagnostic ECG time for STEMI (n=71 842), and those who had an unknown time of first ECG (n=23 268). The remaining 482 327 patients with STEMI composed the study population for the analysis of variables associated with delay from symptom onset to hospital presentation.
DATA COLLECTION AND MEASURES
Delay in hospital presentation was calculated from the documented date and time of symptom onset to the documented date and time of hospital arrival. For the outcome of delay in hospital presentation, we log transformed the outcome measure and performed parametric analysis because the distribution was skewed. To improve the clinical interpretability of the results, we converted the logged values from the models back to their original units (ie, minutes) using geometric means 20, 21 and simulation with 10 000 reiterations. 22 The geometric mean gives less weight to outlying values and, thus, better reflects the median compared with the arithmetic mean. For the candidate factors associated with delay in hospital presentation, we considered patient and hospital variables. Patient variables included age; sex; race/ethnicity (abstracted from medical records and categorized as white, black, Hispanic, Asian, and other or unknown); payer type (categorized as commercial insurance, Medicare only, Medicare and any other insurance, Medicaid or self-pay, and other or unknown); medical history (current smoker, DM, hypertension, hypercholesterolemia, family history of coronary artery disease, previous MI, previous congestive heart failure [CHF] , previous percutaneous coronary intervention [PCI] , previous coronary artery bypass graft [CABG] surgery, previous stroke, previous angina, absence of chest pain at presentation, CHF at presentation, cardiogenic shock at presentation, systolic blood pressure Ͻ90 mm Hg at presentation, and heart rate Ͼ100 beats/min at presentation); and time of day and day of week at presentation (weekdays were defined as Monday to Friday and included daytime [8 AM , teaching hospitals (defined as participation in an accredited residency or fellowship training program), and type of cardiac facilities (interventional, interventional without surgery on site, invasive but not interventional, and noninvasive). All these variables were selected based on their clinical and statistical significance from previous studies. 8, 23, 24 
STATISTICAL ANALYSES
We plotted the distribution of the interval from symptom onset to hospital presentation and performed tests of the linear trend from calendar year 1995 to 2004 of geometric means of those intervals. We performed bivariate and multivariate generalized linear models to estimate the associations between candidate factors and delay in hospital presentation. Factors associated with delay in hospital presentation were identified using the generalized linear model with the stepwise selection method (entry significance level of PϽ.10), and then significant factors were chosen by a significance level of PϽ.05 and defining clinically meaningful delay time as greater than 5 minutes compared with the respective reference group.
We analyzed patient subgroups at highest risk for longer delays by examining the following risk factors alone and in combination: younger than 70 years vs 70 years and older, race (white, black, Hispanic, and other), men vs women, and nondiabetic vs diabetic. We also evaluated trends in delay in hospital presentation between 1995 and 2004 for patients with particular demographic and clinical characteristics at risk for delay. We constructed the test of overall differences and linear trend in delay in hospital presentation for each group.
All the previous analyses were repeated after excluding patients who were transferred in from another hospital, and also in the 1995 to 2004 cohort of patients for whom unique hospital identifiers were available and hierarchical linear models could be applied to account for the clustering of patients within hospitals. These results were not reported separately because the direction and magnitude of the effects were similar to those of the previous analyses and did not change the conclusions. Statistical analyses were performed using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina) and Stata version 8.0 (Stata Corp, College Station, Texas).
RESULTS
STUDY POPULATION
The patient and hospital characteristics of the study population are given in Table 1 ; most patients were younger than 70 years (64.5%), male (66.8%), and white (86.2%). Payer types included commercial insurance (39.2%), Medicare only (29.2%), Medicare with any other insurance (13.2%), and Medicaid or self-pay (10.8%). Clinical characteristics included patients with DM (21.5%), previous MI (19.0%), previous PCI (9.6%), previous CHF (6.8%), and absence of chest pain at presentation (9.8%). Nearly half of the patients (46.4%) presented during daytime hours (8 AM to 4 PM) on either weekdays or weekends. The geometric mean for delay time was 114 minutes during the study period, with a trend toward shorter times (from 123 minutes in 1995 to 113 minutes in 2004, PϽ .001). Figure 1 shows the patient distribution as a function of delay times, and nearly half of the patients (45.5%) presented more than 2 hours after the onset of symptoms, 8.0% presented 6 hours to 12 hours after the onset of symptoms, and 8.7% presented more than 12 hours after the onset of symptoms. Using the cutoff value of 12 hours for delay in hospital presentation as the eligibility window for reperfusion therapy as defined by the guidelines, 24 the proportion of patients presenting more than 12 hours after the onset of symptoms for the following groups was as follows: younger than 60 years, 7.1%; 60 to 69 years, 8.3%; 70 to 79 years, 10.1%; 80 years and older, 12.0%; men, 7.8%; women, 10.5%; white pa-tients, 8.5%; black patients, 10.9%; Hispanic patients, 11.1%; patients with commercial insurance, 7.3%; patients with Medicare only, 10.4%; patients with Medicare and any other insurance, 9.6%; and patients with Medicaid or patients who self-pay, 8.3%.
MULTIVARIATE ANALYSIS OF FACTORS ASSOCIATED WITH DELAY
Patient and hospital characteristics associated with longer time from symptom onset to hospital presentation are given in Table 2 . Compared with patients younger than 60 years, adjusted delay in hospital presentation was longer by 9, 19, and 29 minutes for patients aged 60 to 69 years, 70 to 79 years, and 80 years and older, respectively (P Ͻ.001 for all). Compared with respective ref- 
MULTIVARIATE ANALYSIS OF PATIENT SUBGROUPS WITH MULTIPLE FACTORS
We evaluated 4 variables (age, sex, race/ethnicity, and DM) associated with the greatest risk of longer times, and we examined different combinations to determine the magnitude of effect on adjusted time from symptom onset to hospital presentation. Compared with the reference group of younger (Ͻ70 years) white men without DM, we found that the following subgroups had substantially longer times from onset of symptoms to hospital presentation: younger men who were identified as black and had DM (ϩ43 minutes), younger men who were identified as Hispanic and had DM (ϩ 47 minutes), younger women who were identified as black and had DM (ϩ55 minutes), younger women who were identified as Hispanic and had DM (ϩ 59 minutes), older (Ն 70 years) men who were identified as black and had DM (ϩ60 minutes), older men who were identified as Hispanic and had DM (ϩ 51 minutes), older women who were identified as black and had DM (ϩ63 minutes), and older women who were identified as Hispanic and had DM (ϩ 51 minutes) (P Ͻ .01 for all) (Figure 2 ).
MULTIVARIATE ANALYSIS OF TRENDS IN DELAY FOR GROUPS
Between 1995 and 2004, demographic factors that have previously been shown to be associated with longer times from symptom onset to hospital arrival all showed significant improvement across time. In elderly patients (Ն70 years), times decreased from 155 to 135 minutes (P=.02), In women, times decreased from 152 to 134 minutes (P=.02). In patients identified as black, Hispanic, Asian, or other nonwhite races/ethnicities, times decreased from 141 to 127 minutes (P=.03). In patients who did not have commercial insurance, times decreased from 140 to 126 minutes (P = .004) ( Table 3 ). Despite these improvements, each of these demographic groups had significantly longer times from symptom onset to hospital presentation than those without these characteristics for every year during the period (P Ͻ .001 for all). Among patients who had DM, previous MI, previous PCI, previous CHF, or previous CABG surgery, times also improved from symptom onset to hospital arrival between 1995 and 2004, but these trends did not achieve statistical significance. Among patients with these clinical factors, only those with previous MI or previous PCI had shorter delays than their respective reference groups without these clinical risks, and patients with previous MI or previous PCI also demonstrated minimal improvement in times to hospital presentation between 1995 and 2004.
COMMENT
In this study of 482 327 hospital admissions of patients with STEMI, we found that delay from symptom onset to hospital presentation averaged 114 minutes, but some patient subgroups with multiple characteristics had times 40 to 60 minutes longer than patients without these characteristics. For example, an elderly (aged Ն 70 years), black, diabetic man or woman arrived 166 or 170 minutes, respectively, after the onset of symptoms compared with 106 minutes for a younger white man without DM. The combination of older age (Ն70 years), black or Hispanic race/ethnicity, female sex, and DM represented particularly vulnerable subgroups who exhibited delays of much larger magnitude compared with patients with a single risk factor for delay. Improving patient responsiveness and access in these subgroups represents an important opportunity to decrease adverse consequences from STEMI, improve quality of care, and minimize disparities in care.
To our knowledge, this study is the largest contemporary report from nationally representative data and advances the existing research on the correlates of delay from symptom onset to hospital presentation in several respects. Previous studies [12] [13] [14] [15] [16] have shown that older patients, women, patients identified as black, diabetic pa- tients, and those with atypical symptoms exhibited longer delays. The present study confirmed that delay in hospital presentation was longer for these groups, but the magnitude of these differences (ϩ10 to ϩ30 minutes) after multivariate adjustment was small compared with the duration of delay across the entire cohort, in which nearly half of the patients with STEMI arrived at the hos-pital more than 2 hours after symptom onset. Although previous studies have reported the odds ratio of individual factors associated with delay, we used a novel approach of showing the cumulative effect of having multiple characteristics in natural units of incremental minutes of delay. We demonstrated that certain patient subgroups with a combination of factors (age, race/ ethnicity, sex, and DM) were particularly vulnerable to a delay of up to 60 minutes longer than the reference group. This large cohort of patients with STEMI also allowed us to show the novel finding that patients identified as Hispanic have a delay from symptom onset to hospital arrival comparable to that observed in black patients and have similar effects on times when combined with age, sex, or DM. For example, older men or women (aged Ն70 years) who have DM and are identified as Hispanic had delay times 51 minutes longer than younger men identified as white and without DM. The geometric mean for delay in hospital presentation decreased from 123 minutes in 1995 to 113 minutes in 2004 and also decreased in some high-risk groups (elderly patients, women, nonwhite patients, and those with noncommercial insurance), which may be related to educational initiatives such as the National Heart, Lung, and Blood Institute's National Heart Attack Alert Program (http://www.nhlbi.nih.gov/about /nhaap/index.htm). The present study documented that delays from symptom onset to hospital presentation remain common for patients with STEMI, and less than onethird (30.9%) of patients with STEMI arrive at the hospital within 1 hour after the onset of symptoms. These delays highlight the need for improvement strategies because longer delays contribute to longer ischemic times, more myocardial damage, and adverse clinical consequences and decrease the effectiveness of reperfusion therapy, which has the greatest benefit for patients who present with the shortest delay. Recently, there has been great interest in strategies to reduce door-to-balloon time 25 and to develop systems of care to transfer and increase the number of patients with STEMI who are eligible to receive primary PCI across large geographic regions. 26 These innovative approaches have focused on coordinating and streamlining processes and improving the reliability of systems of care within a hospital and between hospital networks to reduce door-to-balloon time. To optimally use these systems of care, all patients with STEMI must be able to access these systems as soon as possible after the onset of symptoms. Of particular concern from this study was that 8.7% of patients with STEMI presented more than 12 hours after the onset of symptoms, which is beyond the window of eligibility for reperfusion therapy as recommended by current guidelines. 27 A previous large randomized trial 17 that attempted to decrease times to hospital presentation using an intervention of mass media campaigns for entire, diverse communities was largely unsuccessful. The present study identified specific subgroups who are at greatest risk for delays, and the design and implementation of future interventions must consider how to reach these vulnerable subgroups effectively. Design of effective interventions will also require a deeper understanding of the social, cognitive, and emotional factors that contribute to delay in vulnerable subgroups. 28, 29 Furthermore, the present study showed that patients who have had previous PCI, MI, CHF, or CABG surgery have shown modest or no decrease in delay in hospital presentation across time, and efforts to improve times should also target patients who remain at risk for future cardiac events and presumably receive regular ongoing care from a physician. Patients who are older, women, and minorities and those who are uninsured or underinsured have been shown to have disparities in health care access and treatment. 30 The present study showed that older patients; women; patients of minority race/ethnicity, including black or Hispanic; and those with noncommercial health insurance had higher proportions of patients with STEMI who presented more than 12 hours after the onset of symptoms. Delays in hospital presentation are concentrated in these vulnerable groups and contribute to disparities in access and treatment for STEMI because fewer patients present within the window of time as recommended by the guidelines to receive and benefit from reperfusion therapy.
The NRMI database has the inherent limitations of any voluntary observational registry, and participating hospitals are more likely to be urban, larger, and equipped with catheterization and cardiac surgical resources. 18, 19 Time of symptom onset relied on patient recall and also required documentation by each hospital participating in this registry. This study calculated delay using the documented time from symptom onset to time of hospital ar-rival, and the time of symptom onset was not available in 173 051 patients. When we applied all the other criteria for exclusion that we had applied to the overall study population to this group of 173 051 patients, this cohort became 6026 patients who did not have a time of symptom onset and who did not have any other exclusion criterion. We analyzed the characteristics of these 6026 patients and noted that 41.8% did not have chest pain ( Table 4 ). Also, this cohort had a higher prevalence of characteristics associated with longer delays, including being 70 years and older, nonwhite, female, and diabetic and having noncommercial insurance, compared with the study population.
To minimize confounding due to patients who are transferred in from another hospital and to determine the stability of these findings, we performed the analysis for factors associated with delay by including and then excluding patients who were transferred in from another hospital. The mode of transport to the hospital (emergency medical services vs self-transport) was not included in the analysis because the NRMI started to collect these data after 2000.
In conclusion, we found that patient subgroups with a combination of factors, including older age, being female, having Hispanic or black race/ethnicity, and having DM, have particular long times from symptom on- Role of the Sponsor: The National Heart, Lung, and Blood Institute had no involvement in the design or conduct of the study, data management or analysis, manuscript preparation, review, or authorization for submission. Genentech approved the study and provided access to the NRMI database at no charge. Genentech did not provide any direct support for the study and was not involved in the study design and conduct, analysis, and interpretation of the data or preparation of the manuscript.
